Overcoming the polyethylene glycol dilemma via pathological environment-sensitive change of the surface property of nanoparticles for cellular entry.
Modification with polyethylene glycol (PEG) is currently considered an important strategy for anti-cancer drug delivery, because PEGylated-nanoparticles would be effectively delivered to tumor tissue by enhanced permeation and retention effects. However, PEGylation suppresses the cellular uptake of nanoparticles (NPs) to target cells (known as the PEG dilemma). Here, we propose a novel strategy, namely conferring a pathological environment-sensitive property of nanoparticles for overcoming the PEG dilemma. Specifically, although nanoparticles have an overall negative surface charge to avoid interactions with biogenic substances in blood circulation, inversion of surface charge (to positive) at the pH of the tumor microenvironment may allow the nanoparticles to be taken up by cancer cells. To prove this concept, charge-invertible nanoparticles modified with novel slightly acidic pH-sensitive peptide (SAPSP-NPs) were developed. The negatively-charged SAPSP-NPs were delivered to tumor tissue, and were successfully taken up by cancer cells upon inversion of the surface charge to positive at intratumoral pH. SAPSP-NPs may serve as an alternative carrier to the PEGylated NP for anti-cancer drug delivery.